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Lancet, 1, 1342. Trincdo, C., Dos Santos Nascimento, J., and Cordeiro Ferreira, N. (1966) . British MedicalJournal, 1969, 4, 17-19 ummary: The effects of a maternal intravenous S glucose load on the fetal plasma levels of glucose and insulin have been studied in 11 patients before the onset of labour. Within five minutes the fetal plasma glucose concentration rose significantly, indicating a rapid transfer of glucose across the placenta. Following this, the rate of fall in fetal plasma glucose closely reflected that in the mother.
Serial fetal insulin estimations carried out in 8 of the 11 subjects following maternal glucose showed an early rise in fetal insulin in four and a delayed rise in one; in the remaining three there was no definite change.
It is concluded that the blood glucose level of the fetus is controlled by that of the mother, but that the fetal pancreas at term may respond to hyperglycaemia by the secretion of insulin.
Introduction
Glucose rapidly crosses the placenta in the presence of a concentration gradient between mother Rand fetus, but serial -recordings of simultaneous fetal and maternal blood glucose levels have seldom been made under conditions of a rapidly altering maternal glucose concentration. Although it is known that the human fetal pancreas contains insulin from the twelfth week of intrauterine life (Steinke and Driscoll, 1965 ) the extent to which fetal beta cells are capable of responding to metabolic stimuli is uncertain.
Methods
Eleven patients gave informed consent to participate in the investigation. Ten were induced for postmaturity at 42 weeks' gestation. One patient (E) was thought to have a " small for dates" fetus and was therefore induced at 38 weeks. Saling (1964) technique and at the same time maternal venous blood was sampled. The mother was then given 50 ml. of 50 g./ 100 ml. glucose by rapid intravenous injection. Simultaneous maternal venous and fetal capillary blood samples were collected at 5, 10, 20, 30, 50, 70, 90 , and 120 minutes after the intravenous injection. In a control group of three volunteer patients samples were taken at the same time intervals after the intravenous injection of 50 ml. of physiological saline. Blood was anticoagulated with heparin and stored as frozen plasma pending analysis. Plasma glucose was estimated by the use of glucose oxidase and orthotolidine in a modification of the autoanalyser technique described by Marks and Lloyd (1963 (Fig. 1) BanisH.
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There was no correlation either between the peak levels of maternal and fetal insulin following glucose administration or between the insulin rise in the fetus and the weight of the baby at birth. In the saline-treated group there was no change in the fetal or maternal insulin levels during the tests.
Discussion
The results of this study indicate that there is a rapid transfer of blood glucose in the human from mother to fetus, and that fetal hyperglycaemia may be associated with a variable increase in the concentration of fetal plasma immunoreactive insulin. Previous workers (Paterson et al., 1967; Raivio and Teramo, 1968) have reported a wider gradient at rest between maternal and fetal glucose values than we have observed. The reason for this is not clear, but could involve factors such as the sampling site in both mother and fetus, the estimation of plasma or whole blood glucose, and the timing of the samples in relation to maternal food intake and labour. The present study confirms the view of Whaley et al. (1966) and Paterson et al. (1968) that the fetal level of blood glucose is dependent on that of the mother, and shows more exactly the close relation between the maternal and fetal levels in the presence of a changing maternal glucose concentration. The persistence of a maternalfetal gradient during the latter part of the test period suggests that the fetal tissues are utilizing glucose.
The presence of insulin in umbilical cord blood (Milner and Hales, 1965; Thomas et al., 1967) , in fetal blood (Adam et al., 1968; Paterson et al., 1968) , and in neonatal urine (Lowy and Schiff, 1968) indicates that the fetal pancreas secretes insulin. Investigations into the ability of the fetal or neonatal pancreas to secrete insulin in response to hyperglycaemia, however, have led to conflicting results. In fetuses of 14-16 weeks' gestation Adam et al. (1968) observed no plasma insulin response at 5 and 10 minutes after glucose via the umbilical vein. At tern Milner and Hales (1965) found higher levels of insulin in cord blood of babies whose mothers had received intravenous glucose during labour than in babies of control mothers. In the neonate Jorgensen et al. (1966) and Spellacy et al. (1967) observed that glucose via the umbilical vein produced delayed insulin response. Grasso et al. (1968) showed an insulin response to amino-acids. On the other hand, Paterson et al. (1968) found no change in fetal insulin at 15 and 60 minutes after an intravenous glucose load to the mother during labour, and in the neonate Baird and Farquhar (1962) and Stimmler et al. (1964) reported no rise in plasma insulin following glucose administration.
In our study the rise of fetal plasma insulin in four out of the eight fetuses suggested that the fetal pancreas may be responsive to hyperglycaemia at term. The extent and time of onset of the insulin rise was variable, however, and this was apparent only when individual cases were considered. It would seem important, therefore, not to take the mean of the results of different tests or significant variable responses may be overlooked. Results similar to our findings have been reported by Tiernan et al. (1967) and Isles et a). (1968) in neonates before the first feed. There are, however, no satisfactory explanations for the apparently differing patterns of insulin release.
The possibility that a rise in fetal insulin could be due to placental transfer of maternal hormone must be considered. Buse et a{. (1962) and Adam et i. (1968) in man, Clark and Soeldner (1967) in the rat, and Cohen et al. (1968) in the sheep have shown little if any transfer. Nevertheless, Gitlin et al. (1965) and Mintz et al. (1969) , using human subjects and monkeys respectively, have proposed that some fetal insulin is of maternal origin. The balance of evidence suggests that if transfer of maternal insulin across the placenta occurs it does so only to a very limited extent, a view that is supported by the absence of any correlation between maternal and fetal levels of plasma insulin in this study.
The role of fetal insulin is open to speculation, and the extent to which it influences carbohydrate utilization in the fetus is as yet unanswered. The close correlation betweqn maternal and fetal concentrations of glucose, occurring at a time when the maternal level is rapidly changing, suggests that the absolute level of glucose in the fetus is dependent on, and is regulated by, the larger glucose pool of the mother. It is possible that in the fetus the primary role of insulin may be to stimulate anabolic pathways rather than to control the blood sugar.
